Abstract

Social and sexual contact networks between men who have sex with men (MSM) play an important role in understanding the transmission of HIV and other sexually transmitted infections (STIs)
.
RDS). Análise de redes sociais foi utilizada para investigar as redes de amigos e parceiros sexuais. Também foi avaliada a relação entre o número de conexões (grau) o número de parceiros sexuais e as características sociodemográficas. As redes apresentaram estruturas que facilitam a transmissão do HIV. Porém, podem ser exploradas para a disseminação de informações sobre a prevenção do HIV e DST, visto que a proximidade e similaridade dos HSH nessas redes podem influenciar comportamentos e atitudes positivas para a prevenção.
The organization of the homosexual/gay community and identity in large Brazilian cities took place within the historical context of the social, economic, and political changes that shaped the country's demographic transition beginning in the 1950s 1, 2 . However, homosexuals migrated to Brazilian cities during this period for reasons other than the economic motivation that characterized migration by the general population. Such factors included placing a distance between themselves and family surveillance and social repression, as well as the search for anonymity, homosexual/gay sociability, and sexual freedom 3, 4, 5, 6 .
The "political opening" of the 1970s and 1980s 3, 4 included an increasing struggle for sexual rights and greater visibility for the homosexual world and influenced the migration of gays to Brazil's large cities, especially São Paulo and Rio de Janeiro, with growth in the "ghettos" of homosexual/gay circulation and sociability 3, 4, 5 . This movement led to greater visibility for gay identity and culture 3, 4, 5, 6 . In addition to the country's overall political and social gains in recent decades, public policies for human rights were created and consolidated 7, 8 . Meanwhile, this same visibility brought other consequences such as the stigma, discrimination, and violence that mark the daily lives of many gay Brazilians 9,10 , even in the large cities, in a society that has proven historically intolerant to homosexuality 10, 11 .
The difficulties in living in large Brazilian cities, with poor quality of services in transportation, public security, education, and health, affects all urban Brazilians 1,2 , including men who have sex with men (MSM), whether openly homosexual/ gay men or men with a heterosexual social identity and homoerotic practices. In addition, many areas of the large cities lack major public services, thus creating an underlying social vulnerability in the rapid urbanization process that Brazil has experienced since the mid-20 th century 1, 2 .
Urban health is a branch of public health that studies risk factors in cities and the effects on health and social relations 1, 2 . In this context, the organization of social networks in communities as a form of local support and empowerment highlights the importance of such structures in the context of the urban population's health. A major challenge for public health is thus to understand the role and influence of these networks and their relationship to health issues 2 .
As in other contexts, in homosexual/gay sociability, social networks serve as a form of support for individuals, with different types of "networks" (friendship, community based organization, and cultural and sexual networks) 3, 4, 5, 6, 12 .
These networks provide not only the possibility for socialization and homoerotic activities but also mobility and social support 2, 3, 4, 5, 12 . According to some researchers, these networks branch out, overlap, and intersect, leading to interaction between individuals from different social classes and social positions, and areas of the city, via intense mobility: from the city center to the periphery, across metropolitan areas, from the countryside to the capital cities, from small to large cities, and between geographic regions 3, 4, 5, 12 .
Social scientists have studied the organization of relations in social networks since the 1930s 13 . In physics, network theory was systematized and presented in the 1950s 14 and has advanced over the years with the identification of different patterns in these structures 15 .
Researchers developed a series of theories that included random networks 14 , small-world networks 16 , and scale-free networks 17 , identified in the late 1990s, that help explain the networks' various characteristics and functioning, with their potentialities and vulnerabilities 15, 18 .
It is now widely accepted that humans are connected through a large network of social relationships 13, 15, 16, 17 . People connect by strong or close ties with friends and relatives, as well by weaker ties (indirectly) with friends of friends, or with acquaintances, distant relatives, former coworkers, and neighbors 15, 16 . Considering this configuration of relationships, human beings are separated from each other by an average of six degrees, that is, six persons, but these influences occur most intensely within three degrees (the socalled "three degrees of influence" rule) 15 . Recent studies have analyzed sexual contact networks of MSM in the context of HIV and other sexually transmitted infections 19 . The importance of these networks is due mainly to the circulation of infectious agents, with the potential for rapid transmission in large sexual partner networks in the presence of risky sexual practices such as unprotected sex, especially between serodiscordant individuals 19 .
As in other populations, MSM are connected through different social networks (friends, sexual partners, and individuals that frequent public and private venues for gay sociability) 3, 4, 5, 6, 12 . But they also connect with men that identify as heterosexuals but have homoerotic and sexual practices with other men 3, 4, 5, 6, 12 . It is thus difficult to organize a mapping or census of MSM, or a random sample, due to issues of stigma, discrimination, criminalization of sexual practices, and the diversity of social venues.
This study focus on a sample of MSM in Brazil's third largest city 20 , with the following objec-tives: (1) to identify the network structure among the participants' closest friends and sexual partners and (2) to analyze the associations between the number of links between study participants (degree) and the number of sexual partners, and with key socio-demographic characteristics. Salvador, the capital of Bahia State, like other large Brazilian cities, suffers from major social inequalities, ranking 383 rd in the country's Municipal Human Development Index (MHDI) 21 , impacting the population's health 22 24 , a variant of the "snowball" network sampling technique 25 in which selected participants (seeds) begin the formation of recruitment chains. RDS selects a sample from the recruiters' network of relationships, and the method is recommended for studying hard-toreach groups such as drug users, sex workers, and MSM 26 . RDS places some restrictions on participant selection due to ethical or operational reasons or to meet inclusion or exclusion criteria. In the current study, the restrictions were: each recruiter indicated up to three other MSM from his network of personal relationships to participate in the study and who were at least 18 years old, who reported having had sex with at least one other man in the previous year, and who had a wide network of personal relationships with other MSM 23, 27 .
Recruitment
The study started with focus groups of MSM from different social classes, ages, and sexual identities, to identify the study population's preferences as to study site and type of incentives to participate, besides selecting some MSM with broad networks of personal relationships and who agreed to be "seeds", that is, to begin the recruitment of other MSM. The "seeds" and other participants received three numbered invitations (coupons) with expiration dates to distribute to MSM in their network of personal relationships (friends and sexual partners). In Salvador, 394 MSM were recruited, of whom 383 met the inclusion criteria and comprised the final study sample 27 ( Figure 1 ).
Study variables
The variables used to describe the RDS recruitment process were: (1) size of the overall network of participants' personal relationships, identified with the following question: How many men do you know and that know you, and that you think have sex with other men, and that live in Salvador?; (2) Size of the network of MSM 18 years or older, identified with the question: Of these men that you mentioned, how many are 18 years or older?; (3) Size of the network of closest MSM, identified with the question: How many of these men 18 years or older have you met with or spoken to personally or by telephone or internet in the past two months?; (4) Size of friendship network, identified with the question, Of these MSM, who are 18 years or older, and that you met with or spoke to in the past two months, how many would you invite to participate in this study?, an this variable was used to estimate degree (number of links in each participant's network, or self-reported degree); (5) Size of the sexual partner network, identified with the question: Of these men that you mentioned having met with or spoken to in the past two months and that you would invite to participate in the study, with how many have you had sex, that is, oral sex (penis to mouth) or anal sex (penis into anus)?, and this variable was used to estimate the degree of MSM that had sexual partners within the network of closest friends (self-reported sexual degree); and (6) identification of links among participants in the network of personal relationships, identified with the question: of these men that you said you met with or spoke to in the past two months and that you would invite to participate in the study, how many do you think know each other?, and this variable was used as the number of links or edges (self-reported edges) in the friendship networks and sexual partner networks 27 .
The variables on sexual risk practices for HIV infection were constructed from the following questions: (1) With how many partners have you had sex in the past 6 months (how many sexual partners have you had, that is, persons with whom you had oral, vaginal, or anal sex)?; (2) Of these, how many were men?; (3) With how many casual partners have you had sex in the past 6 months?; (4) How many of these were men?; 5) With how many steady partners have you had sex in the past 6 months?; (6) How many of these were men?; (7) With how many commer- cial sex partners have you had sex in the past six months?; (8) Of these, how many were men? The selected social and demographic variables were: monthly family income, years of education, age, sexual identity (MSM -heterosexuals, bisexuals, homosexuals/gays), and local gay venues used for meeting sexual partners 27 . Presence of HIV infection was tested with Rapid Check HIV-1&2 and Bio-Manguinhos HIV-1&2 23, 27 .
Data analysis
Continuous variables were analyzed by their means, medians, quartiles, or percentiles, and MSM: men who have sex with men.
standard deviations, as well as histograms and box-plot analyses. Correlations between numerical variables with reported degree (links with friends and sexual partners), number of male sexual partners, total sexual partners (men, women, and transvestites), age, years of education, and family income were tested with the Spearman correlation coefficient 28, 29 . Data normality was tested with the Shapiro-Wilk test 28, 29 . All the statistical tests set significance at 5% and were performed with Stata version 10.0 (StataCorp LP, College Station, USA). Analyses of friendship networks and sexual partner networks used the participants' reports as an estimate of degree for MSM and their edges, as described previously. These data were used to calculated the participants' mean degree and the global clustering coefficient 30, 31 . This coefficient provides an approximation of the probability that any two neighboring vertices in a common node are linked to each other. The greater the "C", the more clustered the network, that is, the links tend to form a large single block containing many connected individuals. This indicates that a large number of neighboring individuals in the network without direct connections are also connected, but via other relationships 30 .
To classify the study's networks, we used the technique indicated in the literature to simulate a random network using the parameters reported by participants for friendship networks and sexual partner networks, in addition to calculating the minimum mean path, or closeness and betweenness centrality correlations 30, 31 . Further more, we analyzed the relationship between reported degree (X) and respective probabilities, calculated as the approximation of the relative frequency (P(X=k) = number of occurrence of vertices with degree k/total number of vertices in the network 29 .
To identify the distribution of the degrees and verify whether this distribution was analogous to a power law, i.e., whether P(X) = constant(X) -λ , where X is the observed degree of unity in the network 32 , the following items were evaluated: (1) the size of coefficient λ in power law P(X) = constant (X) -λ , where λ should be greater than two; (2) the relationship (whether linear or not) between the logarithm of the degree and the logarithm of the degree's probability (graph LogP(X) x Log(X)), which removes the scale effect from the observed degree; (3) the degree's order of magnitude (greater than 1,000 units); and (4) the similarity between the distribution of P(X) = C(X) -λ and the distribution of the reported degrees (X) 32, 33 . If all the items are met, distribution of the degrees is defined as a power law distribution, otherwise it is classified as a "heavy tail" distribution 33 .
We used the Kolmogorov-Smirnov test on a sample to examine the agreement between the distributions of the observed probabilities and power law. The Kolmogorov-Smirnov test verifies the adherence between the distribution of a set of data from the sample and a specified distribution 28 . We opted to remove the extreme number of sexual partners reported by one participant (3,650 MSM) from the set of reported degrees, given that it was highly discrepant from typical values and those found in the literature, and it was scarcely plausible that a person could have a network of more than 500 close friends 15, 34, 35, 36 .
The following programs were used in the analyses, simulations, and presentation of networks: Pajek 2.04 and 3.09 (http://pajek.imfm. si) and Gephi 0. 
Results
For the MSM in this sample, mean education was 11 years, mean age 25 years, and mean monthly family income BRL 1,733 (Table 1) . Forty-nine percent of the participants identified themselves as homosexuals or gays and listed the following venues where they had gone to seek sexual partners in the previous 30 days: bars (12%), nightclubs (14%), friends' homes (12%), Internet (12%), parties (8%), saunas (5%), cinemas (4%), and "cruising" bathrooms (2%).
Recruitment
The participants' recruitment chains had 18 seeds that recruited 394 MSM, but of these, 11 MSM failed to meet the inclusion criteria and were excluded from the analyses. Four seeds were the most successful in recruiting, with 12, 48, 58, and 235 participants, respectively, with the formation of the respective recruitment chains (Figure 1) .
Participants reported knowing an average of 133 other MSM that also lived in Salvador, but the distribution proved highly asymmetrical, with a median of 30 MSM. Meanwhile, for the number of closest MSM, i.e., whom they had contacted in the two months prior to the interview, the mean number was 38 MSM, also with an asymmetrical distribution, with a median of 10 MSM. By further limiting the closest MSM to those whom the participants would invite to participate in the study, the mean number dropped to 18 MSM, with a median of eight MSM (Table 1) . Among the MSM in the recruiters' network of personal relationships, a mean of 12 MSM were linked to each other, and 50% of the individuals in the network knew up to five other MSM within the network's structure. In addition, the participants reported having sex with a mean of five MSM in this structure, and 50% of the interviewees reported having sex with at least one MSM in their network of personal relationships (Table 1 ).
In the six months prior to participation in the study, the mean number of sexual partners was eight (men, women, and transvestites). Considering only male partners, the mean number was 7.5. For steady partners (men, women, and transvestites), the mean was one partner, while for casual sexual partners (men, women, and transvestites) the mean was six, a similar figure to that estimated for male casual partners during the same period. Mean age at sexual initiation was 14.7 years (Table 1) .
Correlations
Correlation coefficients were statistically significant between the magnitude of links between participants (reported degree) in the friendship network and the following covariates: total number of sexual partners (men, women, and transvestites) (0.20; p = 0.0002); number of male sexual partners (0.23; p = 0.0000); total casual partners (men, women, and transvestites) (0.23; p = 0.0001); and number of male casual partners (0.20; p = 0.0017). The correlation coefficients between reported degree in the sexual partner network and the following covariates were statistically significant: total sexual partners (men, women, and transvestites) (0.33; p = 0.0000); male sexual partners (0.36; p = 0.0000); steady male partners (0.18; p = 0.0143); total casual partners (men, women, and transvestites) (0.28; p = 0.0000); and casual male sexual partners (0.26; p = 0.0000).
The correlation between reported degree in the friendship network and socio-demographic variables showed statistical significance for: participant's age (0.18; p = 0.0008), family income (0.22; p = 0.0004); and years of education (0.33; p = 0.0000). For sexual partner network, the factors were the same as for friendship network: age (0.12; p = 0.0173), family income (0.13; p = 0.0361); and years of education (0.20; p = 0.0001).
Topology of networks
We analyzed friendship networks considering the MSM that participants would invite to participate in the study and found a global clustering coefficient (C) of 0.09, as compared to 0.07 for the simulated small-world network and 0.02 for the simulated random network. The ShapiroWilk statistical test for normality in the distribution of the reported degree of the networks showed that these degrees did not follow a normal distribution. The correlation between reported degrees and their respective probabilities in the friendship network proved statistically significant (-0.39 and p = 0.0000). The mathematical function that describes this relationship is P(X) = 0.15X -(0.42) , where P(X) is the probability that a vertex in the network (MSM) with degree X will occur in the analyzed network. After removing the scale effect, the relationship remained significant (Figure 2a) . However, the KolmogorovSmirnov adherence test showed that the abovementioned distribution of observed probabilities in the sample (approximated by the relative frequencies) and the probabilities described in the above-mentioned relationship are different, thus not confirming that the distribution of the reported degree follows a power law distribution for friendship network.
The sexual partner network, consisting only of the participants' sexual partners, showed a C of 1.0. The simulated small-world network showed C = 0.07 and the simulated random network C 0.01 (Table 2) . Analysis of the correlation between reported degrees and their respective probabilities in the sexual partner network showed statistical significance (-0.96; p = 0.0000). Analysis of the distribution of the reported degree failed to confirm normal distribution. The equation that describes the relationship between reported degree and its probabilities is P(X) = 0.15X -(0.79) , and even after removing the scale effect, the relationship remained significant (Figure 2b) . The Kolmogorov-Smirnov test showed evidence that the distribution of the observed probability and the probability described by the relationship P(X) are different, confirming that such distribution of degrees does not follow a power law.
Discussion
In the recruitment chains in Salvador (Figure 1) , the mean number of MSM with whom the participants reported links in their personal network of relationships proved high (133 MSM), when compared to both the mean number in all 10 cities in the multicenter study (85 MSM) and the mean number of links reported by other studies on friendship networks and sexual behavior 34, 35, 36, 37 . This number is close to the human capacity to relate to other persons in a large social network, or approximately 150 persons 15 . Thus, the findings suggest that the participants belong to a large network of personal relationships among MSM.
Studies on sexually transmitted infections have shown that in some networks, a high number of sexual partners is related to large size of the social network of MSM 19, 37 , which our study corroborated for both casual and steady partners. Although some correlations were moderate, they were statistically significant, indicating that the more the links among MSM, the more the sexual partners. In addition, participants reported having sex with an average of five of their contacts in their personal network of relationships, representing approximately 4% of the total number of men in this network and 18% if one considers the mean number of closest acquaintances in the network of MSM, i.e., with whom they had contact in the two months prior to the interview. Given this reality, risky sexual practices for sexually transmitted infections among serodiscordant individuals (positive and negative for STIs) in the same network of personal relationships 19, 38, 39 should be an important focus on prevention strategies.
Infectious agents can circulate quickly in these sexual contact networks, considering that the high number of sexual partners can increase the odds of risky practices for HIV infection and Table 2 Statistics for analysis of network structures. other STIs 35, 36, 38 . These findings were similar to those of other RDS studies 39, 40, 41 for all types of partners (steady, casual, and commercial). We highlight the positive correlation between the number of participants' links and study variables, indicating that older individuals with higher income and more education had more links (friends and sexual partners) in the networks. In relation to the description of networks, friendship network proved to reflect the closest relationships, with more recent contact, unlike the overall network, which showed more distant relationships (acquaintances). The mean number of links dropped from 133 in the sexual partner network to 18 MSM in the friendship network, similar to findings from other studies 34, 35, 36, 37 . Recruiters had a mean of 12 MSM friends, reinforcing the tendency towards very close social relations among individuals in the friendship network. Further reinforcing this idea of closeness, 50% of the participants knew up to five of the MSM in their recruiter's friendship network.
MSM clustering in this network was low, indicating that the MSM do not form a network comprised of groupings or clusters among their friends, that many of the recruiter's friends may not know each other despite belonging to the same social network. Analysis of the distribution of the participants' reported degree showed that only 10% of the MSM were linked to larger numbers of other MSM, that is, that they know more than 40 MSM each. Meanwhile, there were many more participants (90%) with only two links (Figure 2a) . Since this distribution did not appear as a power law, such information characterizes a "heavy tail" distribution of degrees, since only a few participants (five MSM) reported more than 150 links. According to descriptive analyses, these five MSM may be hustlers, thus explaining the high degree of linkage to other MSM. The heavy tail distribution of degrees is similar to the distribution proposed by Resnick 33 , describing "heavy tailed models", which are similar in some ways to power law, but with important differences. Thus, it was not possible to confirm that the friendship network was scale-free 17, 18 , even with the presence of "nodes" or "hubs", that is, MSM with more links than the mean number for the network.
The sexual partner network showed similar characteristics to the friendship network, that is, with the characteristics of a small-world network, although with some MSM classified as hubs. Importantly, 25% of the participants reported having sex with more than four MSM in this network and 10% reported sex with more than 10 individuals in this structure. The global clustering coefficient was high (C = 1.0), much higher than for the simulated small-world network (0.07) (Table  2) , that is, this network includes a large cluster of MSM, indicating that neighboring individuals in the network may be sexual partners. Thus, the MSM in this network are linked more as a function of their sexual partnerships, forming a compact, difficult-to-break network, except for the removal of a few MSM nodes or hubs. In the literature, other sexual networks have shown such characteristics of clustering and numerous links 36, 42 . The distribution of the reported degrees follows the same pattern as in the friendship network, with a long tail and no confirmation of a power-law pattern.
What became obvious in these networks was the closeness of the MSM, as in a small-world network. In this type of structure, the mutual influence exerted by neighbors can be highly useful for interventions to prevent sexually transmitted infections. In addition, a small number of MSM showed more than the mean number of links in the network, similar to the hubs (nodes) in scalefree networks; these individuals can form the bridge between many individuals in the network due to their strong connectedness 15, 17 . Another indicator is the clustering coefficient, small in the friendship network, but large in the sexual partner network. Thus, assuming the hypothesis that this was a small-world network, greater clustering in the sexual partner network than in a random network with the same number of nodes and edges indicates that the spread of information/contagion in the network is important and can occur rapidly, since C (1.0) was higher than expected in a random null model (0.07) ( Table 2) .
The results of this study provide unique information on the structure of the personal network of relationships for MSM, or friendship and sexual partner networks, i.e., information on the way MSM are linked in Salvador. These findings can be used for planning strategies so as to focus on "highly connected" individuals and those with more "prestige" in the network, with the expectation that they will encourage other MSM to avoid risky practices for HIV infection and other STIs 15, 17 . One can also explore the potential for circulation of information within the target networks, in order to disseminate information on HIV/STIs prevention and care 15, 16, 17 .
Limitations
The RDS methodology aims to reach individuals belonging to the participants' network of personal relationships, with some prerequisites 24 . However some of these requirements are difficult to meet, especially random selection of individuals from the personal network. Besides, it was not possible to calculate the minimum mean path in the networks, since there was no information on the number of links between MSM recruited by different recruiters. However, it was possible to perform a consistent exploratory analysis of the networks with the available data: information on the number of MSM in the overall network, which also included the participants' sexual partners. Information on the size of the network, number of sexual partners in the structure, and number of MSM that knew each other may not be precise, which can bias the estimates of the resulting coefficients. Dependency between the sampled units limits extrapolation of the findings on correlations between network size and number of sexual partners. Nevertheless, the study presented unique results on the structure of MSM networks in a large Brazilian city and can provide insight for future research to inform more precise measurements of friendship and sexual partner networks.
Conclusion
Difficulties in reaching the MSM population add further to issues of stigma and social discrimination 1, 2 , beside other problems faced by the general population in large Brazilian cities. The MSM population also experiences increased social, individual, and program vulnerability in the context of HIV and other STIs 27 . Given this adverse scenario, respondent driven sampling proved to be an efficient strategy to identify recruitment chains belonging to the network of personal relationships of MSM (social network).
The networks captured by the study present structures that can facilitate transmission and other STIs, but this can be minimized by factors not analyzed in this study such as strategies for partner choice according to HIV serological status, sex without anal penetration, and more consistent condom use 19, 38, 40 .
The networks studied here can be explored to spread information on prevention of HIV and other STIs, given that the proximity and similarity among the MSM can encourage sharing positive behaviors and attitudes for prevention 16 .
Identification of the relationship between network size and number of sexual partners confirms the importance of the size of personal network in sexual behavior among MSM with more links 19, 30, 36, 37, 42 .
In Brazil's third largest city 20 , within the overall problems and obstacles involved in living in a large urban area 22 , these results will hopefully be used to orient public policies to address contact with sexual diversity, especially facilitating health interventions that target the MSM population. Contributors S. M. S. Brignol contributed to the study project's conceptualization, data analysis and interpretation, and writing, critical revision, and approval of the final version for publication. I. Dourado, L. D. Amorim, J. G. V. Miranda, and L. R. F. S. Kerr contributed to the writing of the article, critical revision, and approval of the final version for publication.
Resumen
